The human Iymphoblastoid cell line, Namalwa, can be cultured in serum-free media to cell densities of 3 to 4 × ~o~ cells per ml. These cultures produce up to roooo units of interferon per ml when induced with Newcastle disease virus, strain BI. Maximum accumulation of interferon was obtained at approx. I3 h post-induction.
The production of human interferon in large quantities is necessary for the purification of this antiviral agent as well as to provide a sufficient supply for clinical trials. Several groups are currently engaged in the large scale production of human interferon using cultures of fibroblast (Havell & Vilcek, I972; Billiau et al. I973; Horoszewicz et al. I978) , leukocyte (Cantell & Hirvonen, I978) or lymphoblastoid (Bridgen et al. I977; Finter & Bridgen, I978; Zoon et al. I978) cells. The Namalwa lymphoblastoid cell line, derived from a child with a Burkitt's lymphoma, offers the advantages of growing in suspension for an indefinite period of time and producing large quantities of interferon in response to virus induction (Strander et al. 1975 ) with a minimal amount of culture manipulation. It would be advantageous for purification studies and for clinical trials if human Iymphoblastoid interferon could be produced in large cultures in the absence of serum. Several laboratories have cultured mammalian cells in media containing no serum (Takaoka & Katsuta, I97I; Buhl & Regan, t972; Hayashi & Sato, t976) , or only a little serum (Mizrahi et al. 1977) . This report describes culture conditions that support the growth of Namalwa cells and subsequent interferon production by them in the absence of serum. Namalwa cells were established at initial concentrations of 5 to 9 x ~o 5 cells/ml in RPMI I64o containing 25 mM-HEPES (National Institutes of Health, Media Unit, Bethesda, Md.), I ~ (w/v) bovine serum albumin (Fraction V; Rebels Chemical Co., Phoenix, Ariz.), o.25% methyl cellulose (4oo cP; Fisher Scientific Co., Fair Lawn, N.J.), o'75 ~ Primatone RL (Humko Sheffield Chemical, Norwich, N.Y.) and 5o/tg/ml gentamicin sulphate (Sigma, St Louis, Mo.). Glass vessels of at least twice the fluid volume were used for cultures up to Io 1 in vol. The cultures were agitated at 37 °C by rotating a magnetic stirrer bar at 60 rev/min either on the bottom of the vessel or held 5 to 6 cm from the bottom by means of a Teflon impeller assembly rotating on a glass or stainless steel impeller shaft (Zoon et al. I978) . Cultures with 2o 1 vol. were grown in a 65 l Fermentation Design Inc. fermentor (Allentown, Pa.) modified for tissue culture (David Rogerson, NIH Pilot Plant), as previously described (Bridgen et al. I977) . Cell counts were made using a Levy haemocytometer. Viability was determined by trypan blue exclusion. Newcastle disease virus, strain BI (NDV-BI) was grown in the allantoic cavity of io-day-old embryonated eggs. Virus pools containing 4 to I6 x to a haemagglutination (HA) units/ml were prepared by Mr Jack Campbell (Laboratory of Chemical Biology, National Institutes of Health).
Interferon was produced by inducing saturation cultures 0"5 to 4 × 1o6 cells/ml) with NDV-Bt medium from NDV-BI-induced NamaIwa cells cultured in volumes up to I 1 was collected by centrifugation at 4 °C, as previously described (Zoon et al. I978) . The NDV-BI virus in the supernatants was inactivated by adjusting to pH z for 24 h at 6 °C. Larger volumes, up to 2o 1, were centrifuged at 8ooo rev/min on a De Laval centrifuge Model 29AE (Poughkeepsie, N.Y.) at a flow rate of 15oo ml/min. Inactivation of the virus and concentration of the interferon was accomplished by the addition of trichloroacetic acid (TCA) to a final concentration of 3 ~ (w/v) as described previously (Bridgen et al. I977) .
Interferon was assayed as previously described (Zoon et al. 1978) . Interferon titres are given here in terms of the research reference standard G-o23-9ot-527 (Dr Hilton B. Levy, National Institute of Allergy and Infectious Diseases, National Institutes of Health), which had an endpoint titre of I9953 units/ml in our system.
The kinetics of growth of Namalwa cells in our serum-free medium are shown in Fig. I . Maximum cell densities of I-5 to 4 x io 6 cells/ml with 98 ~ viability were routinely obtained in cultures of I to 2o I, with a doubling time of approx. 48 h. Similar maximum cell densities were observed in cultures maintained in medium containing IO ~ foetal calf serum, but in this case the doubling time was 2o to 24 h (Zoon et al. I978) . The serum-free cells were maintained for 23 passages with no effect on the cell density or doubling time. Reducing the bovine serum albumin to o'5 ~ and subsequently to o-I ~ resulted in maximum cell densities of 3 to 4 x io 8 cells/ml and 2 x io 6 cells/ml respectively, without any change in the doubling time; however, the cell viability z 4 h after obtaining maximum cell densities was lower. Also, in cultures grown in o'5 ~ bovine serum albumin, the cell density decreased by 25 ~, 48 h after the maximum cell density was observed.
The kinetics of cumulative interferon production in serum-free medium with i.o ~oo (W/V) bovine serum albumin was examined. A saturation density culture (3.4 x IO 8 cells/ml), 21o ml in volume, was induced with NDV-BI and incubated at 37 °C. Five ml samples were removed at time intervals up to 49"5 h. The cells were harvested by centrifugation and the supernatants were adjusted to pH 2, incubated for z4 h at 4 °C and assayed for interferon activity. Maximum yields were generally observed 13 h post-induction with NDV-BI. The interferon titre remained constant from t3 h to 3o h and then appeared to decline to 33 ~ of the maximum titre by 49"5 h. The average interferon titre from seven experiments with cultures between 2oo ml and 2o 1 in vol. was 22oo units/ml, corresponding to a yield of 2"4 × IO 6 units/Io 9 cells (range of i.I to 5.o × Io 6 units/Io 9 cells). Reduction of the bovine serum albumin in the medium to o-5 ~ and o-I ~, respectively, affected neither the yield of interferon per Io 9 cells nor the kinetics of its production, provided the cultures were induced at their maximum cell densities.
These results demonstrate that Namalwa cells can be grown continuously for extended periods of time in serum-free media in vol. up to 2o 1. These serum-free cultures yield a similar quantity of interferon, 2.4× io 6 units/Io 9 cells (seven determinations) to cultures grown in the presence of serum, i.z × io 6 units/Io 9 cells 05 determinations).
